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WH AT IS 



1. A method oiforming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containi/g species under low partial pressure to 

deposit a layer of silicon thereon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



2. The method of Claim 1 5 wherein the dielectric layer is exposed to the silicon-containing 

-2 ^ /. 



species at a partial pressure of about 10" Torr or less. 



3. The method of Claim 1, wherein the dielectric layer is exposed to the silicon-containing 

? / 7 

species at pressure of about 10"~ to about? 10" Torr. 



4. The method of Claim 2, wherein the dielectric layer is exposed to the silicon-containing 
species at a temperature of about 5O0°C to about 700°C. 



5. A method of forming a nitride barrier layer, comprising the steps of: 

irradiating a dielectric layer with a silicon-containing species under low partial pressure 

/ 

to nucleate the dielectric layer with a layer of silicon; and 

/ 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



6. The method of Claim 5, wherein the silicon layer has a thickness of about 10 to about 30 
angstroms. 



7. A method of farming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species under low partial pr^sure to 
deposit a layer of about 10 to about 30 angstroms silicon thereon; and 
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nitridizing the silicon layer in a nitrogen-containing/species to form a silicon nitride 
barrier layer. 

8. A method of forming a nitride barrier layer, comprising the steps of: 

exposing a surface of a dielectric layer to a sikcon-containing species at a low partial 

pressure to nucleate the surface of the dielectric layer with a layer of silicon; and 

exposing the silicon layer to a nitrogen-corjtaining species to form a silicon nitride barrier 

layer. 



9. A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a siliconj^ontaining species at a partial pressure of about 

10" 2 Torr or less to deposit a layer of about 10 to about 30 angstroms silicon thereon; and 

/ 

nitridizing the silicon layer to form a silicon nitride barrier layer. 



10. The method of Claim 9, wherein the dielectric layer is exposed to the silicon-containing 

/ 

species at a temperature of about 500°C/to about 700°C. 



1 1 . The method of Claim 9, wherein the silicon-containing species is selected from the group 
consisting of dichlorosilane, silicon tetrachloride, silane, and disilane. 



12. The method of Claim 9, wherein the step of exposing the dielectric layer to the silicon- 
vapor deposition, or rapid thermal chemical vapor deposition. 



13. The method of Claim 9j wherein the silicon-containing species is deposited by rapid 
thermal chemical vapor deposition at about 500°C. to about 700°C. 



14. The method of Claim 9, wherein the dielectric layer comprises silicon dioxide. 
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15. The method'of Claim 9, wherein the dielectric layer comprises a dielectric material 
selected from^the group consisting of tantalum pentoxide, hafnium dioxide, and aluminum 
trioxide./^ 



16. A method of forming a nitride barrier L^yer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species at a partial pressure of about 

2 7 ^ 

10" to about 10" Torr to nucleate the,dielectric layer with a layer of silicon; and 

exposing the silicon layer^to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



1 7. A method oHbrming a nitride barrier layer, comprising the steps of: 

exposing a,dielectric layer to a silicon-containing species at a partial pressure of about 
10" 2 to about \ Q7* Torr, a temperature of about 500°C. to about 700°C, and a duration of about 
1 second to a'bout 5 minutes, to nucleate the dielectric layer with a layer of silicon; and 

^posing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layers 



1 8. A method of forming a nitride barrier layer^ :omprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low partial pressure; and 

thermally annealing the silicon layer in a nitrogen-containing species. 



19. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer ont/a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low partial pressure; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 

700°C. to about 900°C. to nit/Wize the silicon layer. 
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20. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer byyexposing the dielectric layer to a 

silicon-containing species under low partial pressure; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 

700°C. to about 900°C, a pressure of about 1 to about^60 Torr, and a flow rate of about 100 to 

about 10,000 seem, for about 1 second to about 180 minutes to nitridize the silicon layer. 



21. The method of Claim 20, wherein the nitrogen-containing species is selected from the 

/ 

group consisting of nitrogen, ammonia, nitrogen tnfluoride, nitrogen oxide, and a nitrogen- 
helium mixture. 



22. The method of Claim 2 1 , wherein the stf icon layer is exposed to a plasma source of 
nitrogen. 



23. A method of forming a nitride barrier layer, comprising the steps of: 

/ 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 

J 

silicon-containing species under low partial pressure; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize 
the silicon layer. 



24. The method of Claim 23, wherein the plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an 
inductive coupled plasma system, or a radio frequency system. 



25. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low partial pressure; and 

/ 

exposing the silicon layer^to a remote microwave plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr to nitridize the silicon layer. 
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26. A method of forming a nitride barrier layer, Comprising the steps of: 

depositing a silicon layer onto a dielectric laiyer by exposing the dielectric layer to a 

silicon-containing species under low partial pressure; and 

exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 

species at a pressure of about 1 to about 20 Torr/and a temperature of about 700°C. to about 

900°C. to nitridize the silicon layer. 



27. A method of forming a nitride barrier Jayer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low partial^pressure; and 

exposing the silicon layer to an inductive coupled plasma source of a nitrogen-containing 

/ 

species at a pressure of about 1 to about 2® Torr to nitridize the silicon layer. 



A method of forming a semiconductor device, comprising the steps of: 



irradiating a dielectric layer disposed on a silicon substrate with a silicon-containing 

I 

species under low partial pressure to nucleate the dielectric layer with a layer of silicon; and 
nitridizing the silicon layer. 



29. The method of Claim 28, wherein the step of irradiating the dielectric layer with the 
silicon-containing species is at a partial pressure about 1 0" Torr or less. 



30. The method of Claim 29, wherein the step of irradiating the dielectric layer is at a partial 
pressure of about 10" to about 10" iTorr. 



3 1 . The method of Claim 29, ^herein the silicon-containing species is selected from the 
group consisting of dichlorosilane, silicon tetrachloride, silane, and disilane. 
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32. The method of Claim 28, wherein the step of irradiating the dielectric layer with the 
silicon-containing species is by plasma enhanced chemical vapor deposition, low pressure 

33. The method of Claim 28, wherein the step of irradiating the dielectric layer with the 
silicon-containing species is by rapid thermal chemical vapor deposition at a temperature of 
about 500°C to about 700°C. 

// 

34. The method of Claim 28, wherein the dielectric layer comprises silicon dioxide. 



I 

35. The method of Claim 28, wherein the dielectric layer comprises a dielectric material 
selected from the group consisting of tantalum pentoxide, hafnium dioxide, and aluminum 
trioxide. 



36. A method of forming a semiconductor device, comprising the steps of: 

exposing a dielectric layer disposed on a silicon substrate to a silicon-containing species 



2 w 

at a partial pressure of about 10" Torr or/less to nucleate the dielectric layer with a layer of 
silicon; and 

nitridizing the silicon layer in a^nitrogen-containing species. 

/ 

37. A method of forming a semiconductor device, comprising the steps of: 



exposing an oxide layer disposed on a silicon substrate to a silicon-containing species at a 

2 / 

partial pressure of about 10" Torr or less to nucleate the dielectric layer with a layer of silicon; 
and I 

thermally annealing the silicon layer in a nitrogen-containing gas. 

" / 

38. A method of forming a semiconductor device, comprising the steps of: 
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exposing an oxide layer disposed on a silicon substrat^ to a silicon-containing species at a 
partial pressure of about 10" 2 Ton* or less to nucleate the dielectric layer with a layer of silicon; 
and / 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C. to nitridize the silicon layer. 



39. A method of forming a semiconductor device, comprising the steps of: 

j 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure to nucleate the dielectric layer with a layer 
of silicon; and f 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize 
the silicon layer. / 

i 

40. The method of Claim 39, wherein the plasma source of the nitrogen-containing species is 

/ 

produced by a downstream microwave system, an electron cyclotron residence system, an 
inductive coupled plasma system, or a raclio frequency system. 



41 . A method of forming a semiconductor device, comprising the steps of: 

depositing a silicon layer ontoja dielectric layer by exposing the dielectric layer to a 

// 

silicon-containing species under lovs^a partial pressure of about 10" 2 Torr or less to nucleate the 
dielectric layer with a layer of silicon; and 

exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 
species at a pressure of about 1 tc^bout 20 Torr to nitridize the silicon layer. 

42. A method of forming a gate electrode, comprising the steps of: 

< p . 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 
at a partial pressure of about ljO' 2 Torr or less to nucleate the dielectric layer with a layer silicon; 
and 
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exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 




43. A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 

i i/ 

at a partial pressure of about 1 0~~ to about 1 0" Tgrr to nucleate the dielectric layer with a layer of 
silicon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

/ 

layer. y 

/ 

/ 

44. A method of forming a gate electrode, comprising the steps of: 

/ 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 

/ ? 7 

at a partial pressure of about/10 ~ to about 10 Torr, a temperature of about 500°C. to about 
700°C, and a duration of^about 1 second to about 5 minutes, to nucleate the dielectric layer with 
a layer of silicon and 

exposing the/silicon layer to a nitrogen-containing species to form a silicon nitride barrier 
layer. / 

45. A method of forming a gate electj^de, comprising the steps of: 
depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 



exposing the gate oxide layer to a silicon-containing species at a partial pressure of about 
1 0" 2 Torr or less; and / 

thermally annealing the silicon layer in a nitrogen-containing species. 



46. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
/ 

exposing the gate oxide layer to a silicon-containing species at a partial pressure of about 

2 / 

10" Torr or less;, and 
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exposing the silicon layer to a nitrogen-conpining species at a temperature of about 
700°C. to about 900°C. to nitridize the silicon layer to a silicon nitride layer. 



47. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species under low partial pressure; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C, a pressure of abodt 1 to about 760 Torr, a flow rate of about 100 to 
about 10,000 seem, for about 1 second to about 1 80 minutes to nitridize the silicon layer. 

/ 

/ 

48. The method of Claim 47, wherein the nitrogen-containing species is selected from the 
group consisting of nitrogen, ammonia, nitrogen trifluoride, nitrogen oxide, and a mixture of 
nitrogen and helium. 



49. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to/a silicon-containing species at a partial pressure of about 
10~ 2 Torr or less; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize 
the silicon layer. 



50. The method of Claim 49, wherein the plasma source of the nitrogen-containing species is 

/ 

produced by a downstream microwave system, an electron cyclotron residence system, an 

j 

inductive coupled plasma system, or a radio frequency system. 



51 . A method of forming a gate electrode, comprising the steps of: 

I 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species at a partial pressure of about 
10 -2 Torr or less; and^ 
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exposing the silicon layer to a rem o/e m icrowave plasma source of a nitrogen-containing 
species at a temperature of about 700°C. / J!o about 900°C, and a pressure of about 1 to about 
20 Torr to nitridize the silicon layer. 



52. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species at a partial pressure of about 
1 0" 2 Torr or less; and 

exposing the sihe&n layer to an inductive coupled plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr to nitridize the silicon layer. 




A3 



53. A method of forming a gate electrode, comprising the steps of: 
\ x exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 

at a partial pressure of about 10" 2 to about 10' 7 Torr to nucleate the dielectric layer with a layer of 
silicon; 

nitridizing the silicon layer in a nitrogen-containing species to form a silicon nitride 
barrier layer; and 

forming a conductive polysilicon layer comprising a conductivity enhancing dopant over 
the nitride barrier layer; wherein the nitride barrier layer inhibits passage of the dopant from the 
conductive polysilicon layer therethrough. 



/ 



54. The method of Claim 53, wherein the polysilicon layer comprises a boron dopant. 



55. The method of Claim 53, further comprising: 

/ 

forming an insulative nitride cap over the conductive polysilicon layer; and 



patterning the layers to form a gate stack. 



56. The method of Claim? 53, further comprising: 

forming a barrier la/er over the doped polysilicon layer; 
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forming a conductive metal layer over the barrier layer; 
forming an insulative nitride cap over the conductive metal layer; and 
patterning the layers to form a gate stack. 



57. The method of Claim S3, further comprising: 

forming a metal sihcide layer over the doped polysilicon layer; 
forming an insulative nitride cap over the metal silicide layer; and 

patterning the layers tc^form a gate stack. 




73. (new) A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicones under low partial pressure to nucleate the 

dielectric layer with silicon; and 

exposing the silicon on the dielectric layer to a nitrogen gas to form a silicon nitride 

barrier layer. 



74. (new) The method of Claim 73, wherein the silicon on the dielectric layer has a thickness of 
up to about 30 angstroms. / 

75. (new) A method of forming a/nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas under a low partial pressure of about 10" 2 Torr 

/ 

or less to nucleatethe dielectriylayer with silicon; and 

exposing the silicon oijHhe dielectric layer to a nitrogen gas to form a silicon nitride 
barrier layer. 



76. (new) A method of forming a nitride barrier layer, comprising the steps of: 

/ 

exposing a dielectric layer to a silicon gas by chemical vapor deposition under a low 

/ 2 

partial pressure of about 10 Torr or less to nucleate the dielectric layer with silicon; and 

exposing the silicon on the dielectric layer to a nitrogen gas to form a silicon nitride 

barrier layer. 
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77. (new) The method of Claim 76, wherein the step of exposing the dielectric layer to the 
silicon gas comprises rapid thermal chemical vapor deposition conducted at about 500°C. to 
about 700°C. and a partial pressure of about 10" 2 Torr (/less. 



78. (new) The method of Claim 76, wherein the step of exposing the dielectric layer to the 
silicon gas comprises plasma enhanced chemical vapor deposition. 

/ 

79. (new) The method of Claim 76, wherein the step of exposing the dielectric layer to the 
silicon gas comprises low pressure chemical vapor deposition. 

/ 

80. (new) A method of forming a nitride barrier layer, comprising the steps of: 

/ . i 

exposing a dielectric layer to a silicon gas under low partial pressure of about 10"" Torr or 

less to deposit silicon thereon to a thickness of up to about 30 angstroms; and 

exposing the silicon on the dielecSi^layer to a nitrogen gas to form a silicon nitride 

barrier layer. 

// 

81 . (new) A method of forming a nitrlide barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas to nucleate the dielectric layer with silicon; and 
thermally annealing the silicon on the dielectric layer in a nitrogen gas to form a silicon 



nitride barrier layer. 

82. (new) The method of Claim £1 , wherein the silicon on the dielectric layer has a thickness of 
up to about 30 angstroms. 

83. (new) A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric la^er to a silicon gas under low partial pressure of about 1 0" 2 or less 
to deposit silicon thereon to a/thickness of up to about 30 angstroms; and 
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thermally annealing the silicon on the dielectric layer ii^a nitrogen gas to form a silicon 
nitride barrier layer. 

84. (new) The method of Claim 83, wherein the step of thermally annealing is conducted at 
temperature of about 700°C. to about 900°C. 



85. (new) A method of forming a nitride barrier layer, comprising the steps of: 

/ . 2 

exposing a dielectric layer to a silicon,gas under low partial pressure of about 10" Torr or 
less to deposit silicon thereon to a thickness/of up to about 30 angstroms; and 

nitridizing the silicon on the dielectric layer with a plasma source of nitrogen to form a 
silicon nitride barrier layer. / 

/ 

86. (new) A method of forming a gate electrode, comprising the steps of: 



Jtc 



exposing a gate oxide layer/to a silicon gas under low partial pressure to nucleate the gate 
oxide layer with silicon; and j 

exposing the silicon orythe gate oxide layer to a nitrogen gas to form a silicon nitride 
barrier layer over the gate oxide layer. 

87. (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas by chemical vapor deposition under a low 

partial pressure of about 10" Torr or less to nucleate the gate oxide layer with silicon; and 

exposing the silicon on the gate oxide layer to a nitrogen gas to form a silicon nitride 

barrier layer over the/gate oxide layer. 



88. (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10" 2 Torr 

or less to deposit silicon thereon to a thickness of up to about 30 angstroms; and 

exposing the silicon on the gate oxide layer to a nitrogen gas to form a silicon nitride 

barrier layer c^ver the gate oxide layer. 
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89. (new) A method of forming a gate electrode, comprising the/steps of: 

exposing a gate oxide layer to a silicon gas to nucleate the gate oxide layer with silicon; 
and I 

thermally annealing the silicon on the gate oxide layer in a nitrogen gas to form a silicon 
nitride barrier layer over the gate oxide layer. 

90. (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10" 2 Torr 
or less to deposit silicon thereon to a thickness o^up to about 30 angstroms; and 

thermally annealing the silicon on the gate oxide layer in a nitrogen gas to form a silicon 
nitride barrier layer over the gate oxide layer 




91 . (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 1 0 Torr 

7 

or less to deposit silicon thereon to a thickness of up to about 30 angstroms; and 

/ 

nitridizing the silicon on the gate oxide layer with a plasma source of nitrogen to form a 

/ 

silicon nitride barrier layer over the gate oxide layer. 



92. (new) A method of forming/a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10" 2 Torr 
or less to nucleate the gate oxide layer with silicon to a thickness of up to about 30 angstroms; 

exposing the silicon on the gate oxide layer to a nitrogen gas to form a silicon nitride 
barrier layer over the gate oxide layer; and 

forming a conductive layer over the silicon nitride barrier layer. 

93. (new) The method of Claim 92, further comprising the steps of forming an insulative nitride 
layer over the conductive layer; and patterning the layers to form a gate stack. 
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94. (new) The method of Claim 92, wherein the conductive layer comprises polysilicon 
comprising a conductivity enhancing dopant, and the nitride barrier layer inhibits passage of the 
dopant from the conductive polysilicon layer through the barrier layer. 



95. (new) The method of Claim 94, furthercomprising: 

forming a barrier layer over the doped polysilicon layer; 

/ 

forming a conductive metal layer'over the barrier layer; 

forming an insulative nitride layer over the conductive metal layer; and 

/ 

patterning the layers to form4 gate stack. 



96. (new) The method of Claim 94, further comprising: 

/ 

forming a metal silicide layer over the doped polysilicon layer; 
forming an insulative 7 nitride cap over the metal silicide layer; and 
patterning the layers to form a gate stack. 
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1 . A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species under low partial pressure to 
deposit a layer of silicon thereon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 

2. The method of Claim 1 , wherein the dielectric layer is exposed to the silicon-containing 
species at a partial pressure of about 10" 2 Torr or less. 

3. The method of Claim 1, wherein the dielectric layer is exposed to the silicon-containing 

2 7 

species at pressure of about 10" to about 10" Torr. 



4. The method of Claim 2, wherein the dielectric layer is exposed to the silicon-containing 
species at a temperature of about 500°C to about 700°C. 



5. A method of forming a nitride barrier layer, comprising the steps of: 

irradiating a dielectric layer with a silicon-containing species under low partial pressure 

to nucleate the dielectric layer with a layer of silicon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



6. The method of Claim 5, wherein the silicon layer has a thickness of about 10 to about 30 
angstroms. 



7. A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species under low partial pressure to 
deposit a layer of about 10 to about 30 angstroms silicon thereon; and 
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nitridizing the silicon layer in a nitrogen-containing species to form a silicon nitride 
barrier layer. 

8. A method of forming a nitride barrier layer, comprising the steps of: 

exposing a surface of a dielectric layer to a silicon-containing species at a low partial 
pressure to nucleate the surface of the dielectric layer with a layer of silicon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 

9. A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species at a partial pressure of about 
10~ 2 Torr or less to deposit a layer of about 10 to about 30 angstroms silicon thereon; and 
nitridizing the silicon layer to form a silicon nitride barrier layer. 

10. The method of Claim 9, wherein the dielectric layer is exposed to the silicon-containing 
species at a temperature of about 500°C to about 700°C. 

1 1. The method of Claim 9, wherein the silicon-containing species is selected from the group 
consisting of dichlorosilane, silicon tetrachloride, silane, and disilane. 

12. The method of Claim 9, wherein the step of exposing the dielectric layer to the silicon- 
containing species is by plasma enhanced chemical vapor deposition, low pressure chemical 
vapor deposition, or rapid thermal chemical vapor deposition. 

13. The method of Claim 9, wherein the silicon-containing species is deposited by rapid 
thermal chemical vapor deposition at about 500°C. to about 700°C. 

14. The method of Claim 9, wherein the dielectric layer comprises silicon dioxide. 
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15. The method of Claim 9, wherein the dielectric layer comprises a dielectric material 
selected from the group consisting of tantalum pentoxide, hafnium dioxide, and aluminum 
trioxide. 

16. (ame nded ) A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species at a partial pressure of about 
10"" to about 10" Ton to nucleate the dielectric layer with a layer of silicon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 

17. (a mended} A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon-containing species at a partial pressure of about 

? 7 

10"" to about 10" Torr 5 a temperature of about 500°C. to about 700°C, and a duration of about 
1 second to about 5 minutes, to nucleate the dielectric layer with a layer of silicon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 

18. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

thermally annealing the silicon layer in a nitrogen-containing species. 

19. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C. to nitridize the silicon layer. 
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20. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C, a pressure of about 1 to about 760 Torr, and a flow rate of about 100 to 
about 10,000 seem, for about 1 second to about 180 minutes to nitridize the silicon layer. 

21 . The method of Claim 20, wherein the nitrogen-containing species is selected from the 
group consisting of nitrogen, ammonia, nitrogen trifluoride, nitrogen oxide, and a nitrogen- 
helium mixture. 

22. The method of Claim 21, wherein the silicon layer is exposed to a plasma source of 
nitrogen. 

23. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize 
the silicon layer. 

24. The method of Claim 23, wherein the plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an 
inductive coupled plasma system, or a radio frequency system. 

25. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr to nitridize the silicon layer. 
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26. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr, and a temperature of about 700°C. to about 
900°C. to nitridize the silicon layer. 

27. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to an inductive coupled plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr to nitridize the silicon layer. 

28. A method of forming a semiconductor device, comprising the steps of: 
irradiating a dielectric layer disposed on a silicon substrate with a silicon-containing 

species under low partial pressure to nucleate the dielectric layer with a layer of silicon; and 
nitridizing the silicon layer. 

29. The method of Claim 28, wherein the step of irradiating the dielectric layer with the 
silicon-containing species is at a partial pressure about 10" 2 Torr or less. 

30. The method of Claim 29, wherein the step of irradiating the dielectric layer is at a partial 
pressure of about 1 0" to about 1 0" Torr. 

3 1 . The method of Claim 29, wherein the silicon-containing species is selected from the 
group consisting of dichlorosilane, silicon tetrachloride, silane, and disilane. 
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32. The method of Claim 28, wherein the step of irradiating the dielectric layer with the 
silicon-containing species is by plasma enhanced chemical vapor deposition, low pressure 
chemical vapor deposition, or rapid thermal chemical vapor deposition. 

33. The method of Claim 28, wherein the step of irradiating the dielectric layer with the 
silicon-containing species is by rapid thermal chemical vapor deposition at a temperature of 
about 500°C to about 700°C. 

34. The method of Claim 28, wherein the dielectric layer comprises silicon dioxide. 

35. The method of Claim 28, wherein the dielectric layer comprises a dielectric material 
selected from the group consisting of tantalum pentoxide, hafnium dioxide, and aluminum 
trioxide. 

36. A method of forming a semiconductor device, comprising the steps of: 

exposing a dielectric layer disposed on a silicon substrate to a silicon-containing species 
at a partial pressure of about 1 0" Torr or less to nucleate the dielectric layer with a layer of 
silicon; and 

nitridizing the silicon layer in a nitrogen-containing species. 

37. A method of forming a semiconductor device, comprising the steps of: 

exposing an oxide layer disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of about 10" Torr or less to nucleate the dielectric layer with a layer of silicon; 
and 

thermally annealing the silicon layer in a nitrogen-containing gas. 

38. A method of forming a semiconductor device, comprising the steps of: 
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exposing an oxide layer disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of about 10~ 2 Ton* or less to nucleate the dielectric layer with a layer of silicon; 
and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C. to nitridize the silicon layer. 

39. A method of forming a semiconductor device, comprising the steps of: 
depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low partial pressure to nucleate the dielectric layer with a layer 
of silicon; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize 
the silicon layer. 

40. The method of Claim 39, wherein the plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an 
inductive coupled plasma system, or a radio frequency system. 

41 . A method of forming a semiconductor device, comprising the steps of: 
depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low a partial pressure of about 10" 2 Torr or less to nucleate the 
dielectric layer with a layer of silicon; and 

exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr to nitridize the silicon layer. 

42. A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 
at a partial pressure of about 10" Torr or less to nucleate the dielectric layer with a layer silicon; 
and 
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layer. 



43. (amended) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 
at a partial pressure of about 10" 2 to about 10~ 7 Torr to nucleate the dielectric layer with a layer of 
silicon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 

44. (amended) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 
at a partial pressure of about 10"" to about 10" Torr , a temperature of about 500°C. to about 
700°C, and a duration of about 1 second to about 5 minutes, to nucleate the dielectric layer with 
a layer of silicon and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



45. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 

exposing the gate oxide layer to a silicon-containing species at a partial pressure of about 

10" 2 Torr or less; and 

thermally annealing the silicon layer in a nitrogen-containing species. 



46. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the gate oxide layer to a silicon-containing species at a partial pressure of about 
10" Torr or less; and 
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exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C. to nitridize the silicon layer to a silicon nitride layer. 

47. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species under low partial pressure; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 
700°C. to about 900°C, a pressure of about 1 to about 760 Torr, a flow rate of about 100 to 
about 10,000 seem, for about 1 second to about 180 minutes to nitridize the silicon layer. 

48. The method of Claim 47, wherein the nitrogen-containing species is selected from the 
group consisting of nitrogen, ammonia, nitrogen trifluoride, nitrogen oxide, and a mixture of 
nitrogen and helium. 

49. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species at a partial pressure of about 
10" 2 Torr or less; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize 
the silicon layer. 

50. The method of Claim 49, wherein the plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an 
inductive coupled plasma system, or a radio frequency system. 

51. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species at a partial pressure of about 
1 0" Torr or less; and 
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exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 
species at a temperature of about 700°C. to about 900°C, and a pressure of about 1 to about 
20 Torr to nitridize the silicon layer. 

52. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by 
exposing the dielectric layer to a silicon-containing species at a partial pressure of about 
10" 2 Torr or less; and 

exposing the silicon layer to an inductive coupled plasma source of a nitrogen-containing 
species at a pressure of about 1 to about 20 Torr to nitridize the silicon layer. 

53. (amended) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species 
at a partial pressure of about 10" 2 to about 10" 7 Torr to nucleate the dielectric layer with a layer of 
silicon; 

nitridizing the silicon layer in a nitrogen-containing species to form a silicon nitride 
barrier layer; and 

forming a conductive polysilicon layer comprising a conductivity enhancing dopant over 
the nitride barrier layer; wherein the nitride barrier layer inhibits passage of the dopant from the 
conductive polysilicon layer therethrough. 

54. The method of Claim 53, wherein the polysilicon layer comprises a boron dopant. 

55. The method of Claim 53, further comprising: 

forming an insulative nitride cap over the conductive polysilicon layer; and 
patterning the layers to form a gate stack. 

56. The method of Claim 53, further comprising: 
forming a barrier layer over the doped polysilicon layer; 

MKE/788428.1 

10 

MT1-31529 

USSN 09/935,255 

Claims as amended (Sept 2002) 



Blacklined Claims 



o 



forming a conductive metal layer over the barrier layer; 
forming an insulative nitride cap over the conductive metal layer; and 
patterning the layers to form a gate stack. 

57. The method of Claim 53, further comprising: 

forming a metal silicide layer over the doped polysilicon layer; 

forming an insulative nitride cap over the metal silicide layer; and 
patterning the layers to form a gate stack. 

A nitride barrier layer, comprising: 

a nitridized silicon layer of less than about 30 angstroms disposed on an oxide layer, and 
formed by irradiation of th e oxide layer with a silicon containing sp e cies und e r low partial 
pressure in the presence of a nitrog e n containing specie s . 

$9-. A nitride barri e r layer, comprising: a nitridized silicon layer having a thickness of less 

than about 30 a ngst ro m s, and dispo s ed adjac e nt an oxide layer. 

6& A nitride barrier layer, comprising: an annealed nitridized silicon layer having a thickness 

of less than about 30 angstroms, and disposed adjacent an oxide layer. 

6-k The barrier layer of Claim 60, wherein the barri e r layer is th e rmally ann e al e d. 

62r. Th e barri e r layer of Claim 60, wher e in th e barri e r lay e r is plasma ann e al e d. 

A semiconductor devic e compri s ing: 

a s emiconductor substrate comprising silicon; 
an oxide layer disposed adjacent to the semiconductor substrat e ; and 
a diffu s ion barri e r lay e r dispos e d adjac e nt th e oxid e lay e r; th e diffusion barrier lay e r 
having a thickn e ss of less than about 30 angstrom s , and comprising a nitridized silicon lay e r 
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formed by irradiation of an oxide lay e r with a s ilicon containing sp e ci e s under low partial 
pr e s s ur e in th e pr ese nc e of a nitrog e n -c ontai ning species, 

64- . A semiconductor device comprising: 

a semiconductor sub s trat e comprising silicon; 
an oxid e lay e r di s po s ed adjacent to the semiconductor s ubstrate; and 
a diffusion barri e r lay e r di s po se d adjac e nt th e oxid e lay e r, and comprising nitridiz e d 
silicon having a thickn ess of about 10 to about 20 angstrom s . 

65- . A semiconductor device comprising: 

a semiconductor substrate comprising silicon; 
an oxide layer disposed adjac e nt to th e s e miconductor substrat e ; and 
a diffusion barrier layer dispos e d adjacent the oxide layer, and compri s ing nitrogen 
anneal e d silicon and having a thickn es s of about 10 to about 20 angstrom s . 

&&. Th e devic e of Claim 65. wher e in the diffusion barrier lay e r compris e s plasma ann e al e d 

silicon. 

67-. The device of Claim 65. wherein the diffusion barrier layer comprises thermally annealed 

silicon. 

66 A gat e e l e ctrod e , comprising: 

a gat e oxid e layer dispos e d adjac e nt to a s e miconductor substrat e ; and 
a diffusion barrier lay e r dispos e d adjacent th e gat e oxid e lay e r; th e diffu s ion barri e r lay e r 
having a thickn e ss of about 10 to about 20 ang s troms and c omp rising a nitr i di z ed silicon lay e r 
deposited by irradiating an oxide lay e r with a silicon containing sp e ci e s und e r low partial 
pressure, and nitridizing the silicon layer by exposure to a nitrogen containing species. 

69-. A gat e e l e ctrod e , comprising: 
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a gat e oxid e layer disposed adjac e nt to a semiconductor s ubstrat e ; and 
a diffusion barri e r lay e r di s po se d adjac e nt th e oxid e lay e r, and comprising a nitridiz e d 
s ilicon layer having a thickness of about 10 to about 20 angstrom s . 

7& A gate electrode, comprising: 

a gat e oxid e lay e r di s pos e d adjacent to a semiconductor substrat e ; and 

a diffusion barri e r lay e r dispos e d adjac e nt th e oxid e lay e r, and comprising nitrogen 

an nea l e d s ilicon and having a thickne s s of about 10 to about 20 angstroms. 

7-h T h e ele ctrode of Claim 70, wherein the diffusion barrier layer comprises plasma annealed 

s i l i c on , 

7Qr, The e lectrod e of Claim 70, wh e r e in th e diffusion barrier layer compris e s thermally 

ann e aled silicon. 

73. (new) A meth od of formin g a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas under lo w partial pressure to nucleate the 
dielectric layer with silicon; and 

exposing the silicon on the dielectric layer to a nitrogen gas to form a silicon nitride 
barrier layer. 

74. (new ) The method of C laim 73. wherein the silicon on the dielectric lay er has a thickness of 
up to about 30 angstroms. 

75. (new) A meth od of forming a nitride barrie r layer, c omprising the steps of: 

exposing a dielectric layer to a silicon gas under a low partial pressure of about 10" Torr 
or less to nucleate the dielectric layer w ith silicon: and 

exposing the silicon on the dielectric layer to a nitrogen gas to form a silicon nitride 
barrier layer. 
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76. (new) A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas by chemical vapor deposition under a low 
partial pressure of about 10~ 2 Torr or less to nucleate the dielectric layer with silicon; and 

exposing the silicon on the dielectric layer to a nitrogen gas to form a silicon nitride 
barrier layer. 

77. (new) The met hod of Claim 76. w herein the step of exposing the dielectric layer to the 
silicon gas comprises rapid thermal ch emical va por deposition conducted at about 500°C. to 
about 700°C. and a partial pressure of about 10" 2 Torr or less. 

78. ( new) The method of Claim 76. wherein the step of exposing the dielectric layer to the 
silicon gas comprises plasma enhanced chemical vapor deposition. 

79. (new) The method of Claim 76. wherein the step of exposing the dielectric layer to the 
silicon gas comprises low pressure chemical vapor deposition. 

80. (new) A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas under low partial pressure of about 10~ 2 Torr or 
less to deposit silicon thereon to a thickness of up to about 30 angstroms; and 

exposing the silicon on the dielectric layer to a nitrogen gas to form a silicon nitride 
barrier layer. 

81. (new) A method of forming a nitride barrie r layer, c omprising the steps of: 

exposing a dielectric layer to a silicon gas to nucl eate the dielectric la yer with silicon; and 
thermally annealing the silicon on the diel ectric layer in a nitrogen gas to form a silicon 
nitride barrier layer. 
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82. (new) The method of Claim 81. wherein the silicon on the dielectric layer has a thickness of 
up to about 30 angstroms. 

83. (new) A method of forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas under low partial pressure of about 10" 2 or less 
to deposit silicon thereon to a thickne ss of up to about 30 angstroms; and 

thermally annealing the silicon on the di electric la yer in a nitrogen gas to form a silicon 
nitride barrier layer. 

84. (new) The method of Claim 83. wherein the step of thermally annealing is conducted at 
temperature of about 700 Q C. to about 900°C. 

85. (new) A method of Forming a nitride barrier layer, comprising the steps of: 

exposing a dielectric layer to a silicon gas under low partial pressure of about 10" 2 Torr or 
less to deposit silicon thereon to a thickness of up to abou t 30 angs troms: and 

nitridizing the silicon on the dielectric layer with a plasma source of n itrogen to form a 
silicon nitride barrier layer. 

86. (new) A method of forming a gate electrode, compri sing the s teps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure to nucleate the gate 
oxide layer with silicon: and 

exposing the silicon on the gate oxide layer to a nitrogen gas to form a silicon nitride 
barrier layer oyer the gate oxide layer. 

87. (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon g as by chemical va por deposition under a low 
partial pressure of about 10" Torr or less to nucleate the gate oxide layer with silicon; and 

exposing the silicon on the gate oxide layer to a n itrogen g as to form a silicon nitride 
barrier layer over the gate oxide layer. 
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88. (new) A method of forming a gat e electrode, compr ising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10" 2 Torr 
or less to deposit silicon thereon to a thickness of up to about 30 angstroms: and 

exposing the silicon on the gate oxide layer to a nitrogen gas to form a silicon nitride 
barrier layer over the gate oxide layer. 

89. (new) A method of formin g a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas to nucleate the gate oxide layer with silicon; 

and 

thermally annealing the silicon on the gate oxide layer in a nitrogen gas to form a silicon 
nitride barrier layer over the gate oxide layer. 

90. (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10"' Torr 
or less to deposit silicon thereon to a thickness of up to about 30 angstroms: and 

thermally annealing the silicon on the gate oxide layer in a nitrogen gas to form a silicon 
nitride barrier layer over the gate oxide layer. 

91 . (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10" 2 Torr 
or less to deposit silicon thereon to a thickness of up to about 30 angstroms: and 

nitridizing the silicon on the gate oxide layer with a plasma source of nitrogen to form a 
silicon nitride barri er layer o ver the gate oxide layer. 

92. (new) A method of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer to a silicon gas under low partial pressure of about 10'" Torr 
or less to nucleate the gate oxide layer with silicon to a thickness of up to about 30 angstroms: 

MKE/788428.1 

16 

MTI-3I529 

USSN 09/935,255 

Claims as amended (Sept 2002) 



Blacklined Claims 



o 



exposing the silicon on the gate oxide layer to a nitrogen gas to form a silicon nitride 
barrier layer over the gate oxide layer: and 

forming a conductive layer over the silicon nitride barrier laver. 

93. (new) The method of Claim 92, further comprising the steps of forming an insulative nitride 
layer over the cond uctive laver: and patterning the layers to form a eate stack. 

94. (new) The method of Claim 92, wherein the conductive layer comprises polysilicon 
comprising a conductivity enhancing dopant, and the nitride barrier layer inhibits passage of the 
do pant from the conductive polvsilicon lav er through the barrier layer. 

95. (new) The method of Claim 94. further comprising: 

forming a barrier layer over the doped polysilicon layer: 

forming a conductive metal layer over the barrier layer: 

forming an insulative nitride layer over the conductive metal layer: and 

patterning the layers to form a gate stack. 

96. (new) The method of Claim 94, further comprising: 

forming a metal silicide layer over the doped poly silicon layer: 
forming an insulative nitride cap over the metal silicide layer: and 
patterning the layers to form a gate stack. 
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